etal-on-metal (MOM) is a commonly used bearing notable for its 'suction fit' when lubricated. In this study, we examined the capacity for MOM bearings to protect against dislocation after total hip replacement (THR).
Primary total hip replacement (THR) is a common procedure which is complicated by dislocation in up to 10% of cases. [1] [2] [3] [4] There are many factors which influence the incidence of dislocation relating to the patient, the surgical technique and the prosthesis. The type of bearing surface could also affect the incidence of dislocation after THR. In this regard, metal-on-metal (MOM) bearings have a 'suction-fit' which is not evident with ceramic-or metal-on-polyethylene bearings (COP, MOP). This 'suction fit' can be demonstrated visually by combining a lubricated MOM femoral head with its acetabular component ( Fig. 1 ). The MOM bearing has interfacial adhesive forces because of the thin lubricating fluid film which forms as a result of surface absorption of proteins, highly tolerant manufacturing, low diametric clearance and a highly polished surface. This phenomenon, well known to fluid physicists, 5 has recently been shown to have a direct clinical application. [6] [7] [8] The opportunity to test our hypothesis arose in 1998 when the senior author (RNV) elected to change his chosen prosthesis. Before 1998, patients under the age of 70 years had been offered a 28 mm COP bearing surface but he became concerned about the high incidence of dislocation with this bearing. After 1998, patients in this age group were offered a MOM bearing with the femoral stem remaining the same and the acetabulum uncemented as before. This change therefore provided the opportunity to compare the early rates of dislocation in the two groups.
Having thereafter identified a significant difference in the rate of dislocation between the two groups, we sought to explain this finding by in vitro simulation. Basic information relating to the adhesive forces obtainable between the bearings in vivo was obtained on custom-made apparatus.
Patients and Methods
We registered all patients about to undergo primary THR on a computer database. Details included clinical data, the surgical procedure and postoperative complications. We included only patients under the age of 70 years who were to receive their first operation other than arthroscopy for primary osteoarthritis (OA) of the hip. Other exclusions included alcoholism and neuromuscular conditions likely to predispose to dislocation. We identified 229 patients undergoing 249 primary THRs who fulfilled the entry criteria.
Between 1995 and 1998, we offered 120 patients (140 hips) a 28 mm COP bearing surface. We used an uncemented, press-fit, acetabular component (Duraloc or The same surgeon (RNV), whose technique has not changed for 14 years, performed all operations under general anaesthesia in the lateral decubitus position using the posterior approach with preservation and reattachment of the external rotators. We treated patients in bed with a Charnley wedge between the legs for the first night only and Photograph showing the ability of the MOM bearing to provide a significant 'suction fit' by pulling the acetabulum up against gravity (a). This does not occur with the COP bearing (b). they were mobilised the day after surgery. All were reviewed at six weeks and three months. Dislocations occurring within three months of surgery were identified from the database, patient questionnaires and by telephone contact, where necessary. Viscous tension and ionic attraction forces. A simple system was devised using a 1.5 kW geared, variable velocity motor (Bonfiglioli Motors, Warrington, UK) as a winch providing near instantaneous distraction velocities to our requirement (Fig. 2) . We found no published data upon which to base the distraction velocities, and we therefore assumed that, with the hip and knee flexed to 90˚, internal rotation of the limb around the femoral axis would produce impingement between 2 and 5 cm from the centre of the femoral head and subsequent dislocation. This range covers impingement of the neck of the prosthesis on the acetabular insert as well as trochanteric impingement on the anterior margin of the true acetabulum. We estimated the maximum velocity of separation of the femoral head from the cup by first estimating the maximum velocity at which the foot could travel during a clinical episode of dislocation. The calculation was derived in this manner for two reasons. First, the angular velocity of both regions is identical, making the calculation simple. Secondly, we found the velocity of the foot to be the easiest to measure, being the most distal part of the limb. Using an impingement distance of 5 cm, an estimated maximum foot velocity of 300 cm/s and a tibial length of 50 cm, we calculated a maximum separation velocity of the femoral head of 30 cm/s. To ensure complete coverage of this range, we chose to investigate the restraining forces at 1, 5, 10, 25 and 50 cm/s for the bearings used clinically in our study.
We attached the motorised winch to a 1.0 kN load cell (RDP Electronics, Surrey, UK). This was connected in series to a stainless-steel bar with a 12/14 taper machined at one end. This allowed modular heads to be easily exchanged during experimentation. The metal acetabular components were held firmly by their central screw threads on to a separate steel column. The entire articulation was submerged in 25% fetal bovine serum at 37˚C to prevent surface tension (air-liquid interface) effects which do not occur in vivo. The maximum restraining force obtained was recorded by a digital data logger (E735; RDP Electronics) attached to the load cell. The force on the components below the load cell during distraction experiments without lubrication was subtracted from the figures obtained during lubricated experiments to give a numerical result which equated with the force generated by the lubricant alone. The experiments were repeated ten times and the mean derived for each bearing. Statistical analysis. We compared variables in patient and prosthesis factors. We used the chi-squared test for categorical data relating to gender, side of operation, pathology of the contralateral hip, stem size, acetabular size and subjective assessment of surgical difficulty. We used analysis of variance (ANOVA) for identifying differences in the mean age, height, body mass index (BMI) and acetabular inclination angles. We also used ANOVA to identify differences in the mean peak forces required to separate the bearings in the in vitro studies. Where a significant finding was identified, we used Student's t-test with Bonferroni correction to examine intra-and intergroup differences. We chose a significance level of 0.05 or below.
Results
As shown in Table I , the patient groups were well matched with no significant differences in mean age (p = 0.97), height (p = 0.99), weight (p = 0.07), BMI (p = 0.08), gender (p = 0.83), side of surgery (p = 0.49) and pathology of the contralateral hip (p = 0.29). There were no significant differences between groups when comparing the size of the femoral stem (p = 0.38) or cup (p = 0.91), the acetabular inclination angle (p = 0.26) and subjective difficulty of surgery (p = 0.96) (Table II) . Since the radiographs of one patient (patient 5) had been destroyed, we were unable to include them in the statistical analysis of acetabular inclination angles.
For the MOM bearing, one of 109 prostheses dislocated within three months of surgery (0.9%, 95% CI 0 to 2.7), compared with nine of 140 (6.4%, 95% CI 2.3 to 10.5) in the COP group within the same time interval after surgery Diagram of custom apparatus used to measure peak restraining forces generated at the bearing surface during separation at different velocities (Table III) . This difference is statistically significant (p = 0.02). In vitro assessment of peak retaining forces. We identified significant differences in the peak restraining forces between the two groups at all distraction velocities chosen (p < 0.001) (Fig. 3) . For the MOM bearing, we recorded significant resistance to separation at all velocities. This force increased significantly between 1 and 5 cm/s to a maximum at 10 cm/s (p < 0.001), but did not increase further despite increasing distraction velocities (p = 0.75). The maximum singly recorded peak restraining force was 30 N, obtained by the MOM bearing at 10 cm/s.
By contrast, the lowest forces recorded during our study were obtained with the COP bearing at 1 cm/s. These were barely detectable at 0.1 N. As the distraction velocity was increased for the COP bearing, we noted that the peak restraining force also increased significantly (p < 0.001). However, the largest forces obtained were significantly less than those recorded for the MOM bearing. The maximum mean peak force, which we obtained for the COP bearing was 4.1 N at 50 cm/s. At the same velocity, MOM bearings achieved a mean of 20.5 N.
Discussion
In this study, we have shown that a rate of dislocation of 6.4% within three months of THR using a COP bearing was reduced to 0.9% by changing to a MOM bearing. The reduction in the rate of dislocation is not explained by differences in the patient population or by factors related to the surgery. The patients in both groups were well matched. The surgical technique and postoperative protocol of this singlesurgeon series have been unchanged for 14 years making the issue of a learning curve unlikely. The cemented femoral component was the same in all cases. The acetabulum was a porous-coated, uncemented, metal-backed system in all cases. No differences in acetabular or femoral prosthetic sizes were identified between the groups. Radiological review of the dislocated cases did not show any difference in the position of the component compared with those which did not dislocate and all dislocations occurred in cases where the acetabular inclination angle was within the safe zone described by Lewinnek et al. 9 We acknowledge that the rate of dislocation of 6.4% in the COP group is higher than that in many reported series, but is similar to 10, 11 or less than others 3,4 using similar prostheses inserted through a posterior approach. We believe that the importance of our results lies in the fact that the singular change to an alternative bearing surface reduced a high dislocation rate (6.4%) to a low one (0.9%). While these results may initially appear to be difficult to explain, we suggest a potential explanation to be the 'suction fit' seen with MOM bearings. It should be noted that all hip replacements are subject to some form of static and dynamic restraining forces as a result of the surrounding soft-tissue envelope. The 'suction fit' is an additional restraining force occurring at the bearing surface from the presence of a thin layer of fluid. The forces and equations describing them are highly complex, but well known to fluid physicists. In general, a stiff material, a thin fluid film (due to small diametric bearing clearance), a large contact area and viscous lubricating fluid will all increase the force required to separate the bearing surfaces. 5 In our in vitro tests, the MOM bearing produced a mean peak restraining force of 23.6 N at 10 cm/s compared with a maximum of 4.1 N in the COP bearing at 50 cm/s. At lower distraction velocities, the MOM bearing maintained a significant peak mean restraining force of 13.0 N even at 1 cm/ s compared with 0.1 N for the COP bearing. While the COP bearing displayed a linear decrease in bearing restraining force with decreasing distraction velocities, the MOM bearing did not. This would argue in favour of viscous tension being largely responsible for the small restraining forces generated in the COP bearing, but the participation of more complex ionic attraction forces generated in the MOM bearing. Whether the second of these effects occurs with ceramic-on-ceramic bearings of similar diametric clearance is, as yet, unknown, but may be important when the potential issue of micro-separation and its effects on wear during the normal gait cycle are considered. 6, 12, 13 If it is assumed that micro-separation is possible when there is muscle weakness or joint laxity, those bearing designs with sufficient inherent restraining force may be able to prevent its occurrence during the risk period of the swing phase in the gait cycle.
While the exact forces required for dislocation or indeed micro-separation are impossible to predict in individual cases, it is our assumption that this extra restraint is sufficient to influence the clinical experience described in this paper. In this regard, it is noteworthy that direct in vivo evidence in support of this phenomenon of fluid physics is available from videofluoroscopy studies of patients with THR in situ. [6] [7] [8] Videofluoroscopy of patients having undergone replacement hip arthroplasty with a MOP bearing has shown separation of the bearing surfaces by up to 3.1 mm during the normal gait cycle and 5.4 mm during active abduction. By contrast, MOM bearings inserted by the same surgeon and approach do not separate under the same conditions. In this regard, they may be considered to have similarities to constrained bearings and the difficulty of separation has the potential therefore to reduce the incidence of dislocation.
This effect may allow MOM bearings to be more acceptable than others to minor malpositioning of the component, maintaining the stability of the femoral head within the acetabulum when other bearings would not.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Diagram showing the peak force required to separate a MOM and COP bearing when submerged in 25% calf serum lubricant at 37˚C.
